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The title heterocyclic compound, C2oH 17 N0 3 S, was synthe- 
sized by condensation of ethyl cyanoacetate with (Z)-2- 
benzylidenebenzo[h]thiophen-3(2//)-one in the presence of a 
basic catalyst in ethanol. The phenyl and ester groups make 
dihedral angles of 77.67 (6) and 8.52 (6)°, respectively, with 
the benzothienopyran ring system [maximum r.m.s. deviation 
= 0.1177 (13) A]. In the crystal, centrosymmetric dimers are 
formed through pairs of N— H- ■ O hydrogen bonds between 
the amine and ester groups. Intermolecular C— H- ■ N 
hydrogen bonds and C— H- ■ -it interactions involving the 
thiophene ring are also observed. 

Related literature 

For general background to Michael addition reactions, see: 
Perlmutter (1992); Czarnocki etal. (2005); Rossiter & Swingle 
(1992). 



Monoclinic, P2^/n 
a = 8.6612 (3) A 
b = 5.9156 (2) A 
c = 32.3008 (10) A 

= 94.962 (2)° 
V = 1648.77 (9) A 3 

Data collection 

Bruker APEXII CCD detector 

dif fractometer 
21683 measured reflections 

Refinement 

R[F 2 > 2o(F 2 )] = 0.034 

wR(F 2 ) = 0.086 

S = 1.04 

3608 reflections 

233 parameters 

2 restraints 



Mo Ka radiation 
li = 0.22 mm -1 
T = 296 K 

0.25 x 0.14 x 0.12 mm 



3608 independent reflections 
3189 reflections with I > 2a(l) 
Ri„, = 0.031 



H atoms treated by a mixture of 
independent and constrained 
refinement 

Ap max = 0.30 e A~ 3 

A/> mi „ = -0.22 e A~ 3 



Table 1 

Hydrogen-bond geometry (A, °). 

Cgl is the centroid of the thiophene ring. 



D-H-A 


D — H 


H- ■ A 


D-A 


D-H-A 


N1-H1B-02' 


0.838 (19) 


2.285 (19) 


2.9143 (16) 


132.1 (15) 


C10— H10- • Nl fi 


0.98 


2.57 


3.5189 (17) 


164 


C15-H15-Cgl iu 


0.93 


2.95 


3.7493 (15) 


145 


Symmetry codes: fi) 


— x, —y + 1. — z; 


(ii) x, y + 1, z; (iii) 


x + l,y, z. 





Data collection: APEX2 (Bruker, 2005); cell refinement: SAINT 
(Bruker, 2005); data reduction: SAINT; program(s) used to solve 
structure: SHELXS97 (Sheldrick, 2008); program(s) used to refine 
structure: SHELXL97 (Sheldrick, 2008); molecular graphics: 
PLATON (Spek, 2009); software used to prepare material for 
publication: publCIF (Westrip, 2010). 

The authors thank the Unit of Support for Technical and 
Scientific Research (UATRS, CNRST) for the X-ray 
measurements. 



Supplementary data and figures for this paper are available from the 
IUCr electronic archives (Reference: BH2365). 



Experimental 

Crystal data 
C2oH 17 N0 3 S 
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Ethyl 2-amino-4-phenyl-4//-l-benzothieno [3,2-6] pyran-3-carboxylate 

A. Boughaleb, H. Zouihri, S. Gmouh, A. Kerbal and M. El yazidi 

Comment 

The Michael addition of carbanions to the C=C double bond of a,P-unsaturated ketones, nitriles, amides and esters is a 
method of choice for the formation of C — C bonds (Czarnocki et ah, 2005; Rossiter & Swingle, 1992; Perlmutter, 1992). 

In this work we have studied the behavior of ethylcyanoacetate with respect to (Z)-2-benzylidenebenzo[Z>]thiophen- 
3(2//)-one and derivatives in ethanol, with the presence of piperidine as catalyst. We have shown that cyclocondensation 
starts with a Michael 1,4-addition, followed by intramolecular cyclization via nucleophilic addition of the hydroxyl group 
to the cyano group and not onto the carboxylate, to give the tricyclic heterocycle ethyl 2-amino-4-phenyl-4//-[l] benzothi- 
eno[3,2-Z>]pyran-3-carboxylate. The structural study by X-ray diffraction is in perfect agreement with the results of spectro- 
scopic analysis: IR, 'll- and 13 C-NMR. 

In the title compound, C20H17NO3S (Fig. 1), the phenyl and ester groups make dihedral angles of 77.67 (6)° and 8.52 (6)°, 
respectively, with the benzothienopyran ring system. In the crystal, two molecules are linked about a center of inversion 
by pairs of N — H—O hydrogen bonds, generating a dimer (Fig. 2). Intermolecular C — H—N hydrogen bonds and C — H—Jt 
interactions (between C15 — H15 bond of the phenyl group and the centroid of the thiophene ring with symmetry code: x+1, 
y, z) are also observed (Table 1). 

Experimental 

In a 100 ml flask equipped with a condenser, was dissolved 4 mmol of (Z)-2-benzylidenebenzo[Z>]thiophen-3(2#)-one and 
5 mmol of ethyl cyanoacetate in 30 ml of ethanol. Then, 1ml of piperidine was added, and the reaction mixture was refluxed 
for 6 h. Thin layer hromatography revealed the formation of a single product. The organic phase was evaporated under 
reduced pressure. The resulting residue was recrystallized from ethanol. 

Refinement 

All H atoms bound to C atoms were treated as riding to their parent atoms [C — H distances are 0.93 A for aromatic CH 
groups, 0.97 A for methylene CH2 groups, 0.96 A for the CH3 methyl group, and 0.98 A for the CH methine group]. Isotropic 
displacement parameters are calculated as £/i S0 (H) = 1.5 (7 eq (C20) for the methyl group and t/i S0 (H) = 1.2 £/ e q(parent C) 
for other H atoms. The amine H atoms H1A and H1B were found in a difference map, and refined with N — H bond lengths 
restrained to 0.88 (2) A and t/i S0 (H) = 1.2 t/ eq (Nl). 
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Figures 




Fig. 1. Molecular view of the title compound showing displacement ellipsoids at the 30% 
probability level. H atoms are represented as small spheres of arbitrary radii. 



Fig. 2. Partial view of the crystal packing, showing the N — FFO bonded dimers (symmetry 
code: -x, -y+l, -z). H atoms not involved in hydrogen bonds have been omitted for clarity. 



Ethyl 2-amino-4-phenyl-4H-1-benzothieno[3,2-6]pyran-3-carboxylate 



Crystal data 
C 20 H 17 NO 3 S 
M,-= 351.41 
Monoclinic, P2\ln 
Hall symbol: -P 2yn 
a = 8.6612 (3) A 
6 = 5.9156 (2) A 
c = 32.3008 (10) A 
(3 = 94.962 (2)° 

V= 1648.77 (9) A 3 
Z=4 



^(000) = 736 

D x = 1.416 MgnT 3 

Mo Ka radiation, X = 0.71073 A 

Cell parameters from 232 reflections 

6 = 2.6-25.3° 

|i = 0.22 mm 1 
J=296K 
Prism, colourless 
0.25x0.14x0.12 mm 



Data collection 

Bruker APEXII CCD detector 
diffractometer 

Radiation source: fine- focus sealed tube 

graphite 

co and cp scans 

21683 measured reflections 

3608 independent reflections 



3 1 89 reflections with / > 2a(T) 
R int = 0.031 

©max ~~ 27.0 , Omin — 2.4 
/z = 1 1 >1 1 

k = -7—>7 
7 = -41->37 



Refinement 

Refinement on F 2 
Least-squares matrix: full 
R[F 2 > 2a(F 2 )] = 0.034 

wR(F 2 ) = 0.086 



Primary atom site location: structure-invariant direct 
methods 

Secondary atom site location: difference Fourier map 
Hydrogen site location: inferred from neighbouring 
sites 

H atoms treated by a mixture of independent and 
constrained refinement 
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S= 1.04 

3608 reflections 
233 parameters 
2 restraints 
0 constraints 



w = ll[o 2 {F 2 ) + (0.03 86P) 2 + 0.7884P] 
where P = (F 0 2 + 2F 2 )/3 
(A/o) max = 0.001 

Ap m ax = 0.30 e A~ 3 
Apmin = -0.22 e A~ 3 



Fractional atomic coordinates and isotropic or equivalent isotropic displacement parameters (A 2 ) 
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Atomic displacement parameters (A 2 ) 
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Geometric parameters (A, °) 
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Hydrogen-bond geometry (A, °) 

Cgl is the centroid of the thiophene ring. 

D—H-A D — H H-A D-A D—R-A 

Nl— H1B-02' 0.838 (19) 2.285 (19) 2.9143 (16) 132.1 (15) 

CIO— H10-N1" 0.98 2.57 3.5189 (17) 164. 

C15— H15-Cgl m 0.93 2.95 3.7493 (15) 145 

Symmetry codes: (i) -x, -y+\, -z; (ii) x,y+l,z; (iii) x+l,y, z. 
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